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ABSTRACT
In the Far East, many small units of residential buildings over 200 m tall are fitted with open kitchens. Fire safety
provisions of these kitchens are determined by performance-based design (PBD). In most PBD projects, only the
spread of smoke from the kitchen fire to the outside was studied. However, a fire load survey in Hong Kong
indicated that large quantities of combustibles are stored in residential units. Cooking oil was found to be ignited
easily even when using induction cookers. The burning of all combustibles in a big post-flashover fire needs to be
studied. A database of heat release rates for local combustible products is not yet available. Estimations are based
on very crude assumptions of low radiative heat flux in most of the PBD projects, and they are not supported by fullscale burning tests. In this paper, heat release rate for an open kitchen fire will be studied by the principle of
superposition. The important issues in the estimation of heat release rate will be addressed and discussed. An
example calculation of achieving low values of heat release rate will also be illustrated. The authority having
jurisdiction is recommended to review such approach.

1. INTRODUCTION
Many small units of area less than 30 m2 in residential buildings over 200 m are equipped with open kitchens in
dense cities in the Far East, including Hong Kong (Centaline Property; Chow, 2010, 2011). Fire safety provisions
are determined by performance-based design (PBD) (British Standards Institute, 2001; CIBSE, 2010). Three
conditions are imposed by the authorities in the design approval. Firstly, gas cookers cannot be used; only flameless
electric induction cookers are allowed. Secondly, additional fire suppression systems, including water mist (The
Guardian III, 2007) or dry powder (The Guardian, 2000) systems, are specified for installation. The systems are
supposed to act on the stove fire and prevent its growth. The residential unit owner cannot remove the system, nor
change the cooking stove without approval from the government. Thirdly, the estate management office has to sign
an undertaking to implement the fire safety management procedures (British Standards Institute, 2001; CIBSE, 2010)
specified in the PBD report. Additional specifications in the building fire safety code (Buildings Department, 2012)
released in September 2011 were summarized before (Chow, 2011; Chow et al., 2012).
However, the fire behaviour of open kitchen in small units of tall buildings has not been studied in detail; no
comparison has been made between scenarios with and without fire resisting enclosures. Fire dynamics is not well
understood in open kitchen fires within a small unit; full-scale burning tests are not carried out to support fire hazard
assessment. Only the spread of smoke from the kitchen fire to areas outside the unit is commonly studied to
calculate the Available Safe Egress Time (ASET) and Required Safe Egress Time (RSET) in the timeline approach
(British Standards Institute, 2001; CIBSE, 2010). Also, kitchen fires with and without fire resisting walls are not
compared (Chow, 2011). The spread of smoke from the open kitchen to areas outside the residential unit was
predicted by fire models (McGrattan et al., 2007). However, there are many problems associated with fire models,
particularly the Computational Fluid Dynamics (CFD) (Chow, 2013a) models. Those models are not well validated
as claimed, such as in the Building Fire Safety Code in Hong Kong (Buildings Department, 2012). A more
systematic study on verification and validation of fire models involving several countries is just in the embryonic
stage (Dey, 2012). Only carbon monoxide concentration, heat flux and visibility are used to determine ASET for
occupants moving to the staircase. The ASET/RSET approach is criticized to be a flawed concept with the
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assumption of robotic motion (Babrauskas et al., 2010; Chow 2013b). The additional water mist suppression or dry
powder systems are targeting to suppress small fires at an early stage, but they might not work as expected. No
experimental data from full-scale burning tests has been made available to support the above specifications. Apart
from carbon monoxide, other toxic gases generated from burning common plastics, such as hydrogen chloride, are
not included.
Large quantities of combustibles are stored in residential units to give high heat release rate (Chow and Chow, 2009).
The fire load density is particularly high for small units of floor area less than 30 m2. More combustibles are stored
by stacking them up. A very high fire load density up to 1400 MJm-2 (Ove Arup Hong Kong, 2010), which is above
the upper limit of 1135 MJm-2 specified in the local code (Buildings Department, 2012; Fire Services Department,
2012) is found. Furthermore, cooking oil can be ignited easily even when induction cookers are used. The burning of
all combustibles in a big post-flashover fire needs to be studied to estimate the heat release rate.

2. FIRE HAZARDS
Cooking induces certain fire risks (Chow, 2011). A recent experimental study reported that a fire can be started
within ten minutes when frying food with an electric induction cooker (Chow 2010, 2013; Wong and Fong 2012)
specified by PBD. In an enclosed kitchen fire, the maximum fire size is limited by the air supply through the
openings. But the fire size will grow rapidly due to adequate air supply in an open kitchen without fire-resistant
walls. The rapid fire growth would trigger flashover in small residential units. All stored combustibles will be burnt
following flashover, and the fire will sustain for a long time. Large-scale post-flashover fires will spread rapidly to
other parts of the building and lead to serious consequences.
Fire engineering consultants are not the only party which are concerned about the fire safety of open kitchens; the
authorities, developers and flat owners are now more aware of its importance (Chow, 2010, 2011). Consequently,
the authorities hesitate to approve new building projects with open kitchens unless the fire safety provisions follow
the Building Fire Safety Code (Buildings Department, 2012). Three fire safety requirements are specified (Buildings
Department, 2012) for open kitchens in residential premises:
•
•

•

The walls of the compartment exit should have a ‘-/30/30’ fire resistance rating at minimum.
Sprinkler is required to protect the kitchen. The design hazard for the residential portion is assumed to be the
same as high-rise office installation: ordinary hazard 3 (OH3) (Loss Prevention Council, 1987). Except luxury
apartments, most kitchens in Hong Kong are relatively small. Only one sprinkler can cover all stoves in the
kitchen area in residential units with an open kitchen.
Smoke detectors are required for compartments with open kitchen and the lobby outside the compartment.

For small flats of supertall buildings, an open kitchen design has a higher fire risk (Buildings Department, 2012).
Open kitchens must have fire safety provisions (Chow et al., 2012) listed below:
•
•

Sprinkler system and fire detection system are installed at the commercial portion. Extending sprinklers and
detectors to the residential portion from the lower portion below is suggested. The same main control and fire
alarm system can be shared.
Proper testing and maintenance of sprinklers and detectors should be carried out annually by registered fire
services contractors.

Both developers and building owners worry about fire safety. In addition, in order to keep a good view by avoiding
the spread of ‘wok hay’ (Chow, 2011), non-fire resistant glass panes have been used for kitchen partitions in the
residential units. The reason for not using fire-rated glass (Wu and Chow, 2013-2014) is because those glass
products are expensive, heavy and thick; they also take up more space than ordinary glass. It induces additional fire
risks as a result.

3. EARLIER WORK
Despite the large number of work on kitchen ventilation, thermal plumes, exhaust hoods and fire detection (e.g.
Kelso and Rousseau, 1995), very few studies concern kitchen fires as reviewed by Chow (2011). Fire models
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(Madrzykowski et al., 2002) were used to study a fire originating from kitchen stoves in a two-storey duplex house.
The critical event was the onset of flashover in the kitchen, and the fire spread through the entire house within one
minute.
A workshop (Madrzykowski et al., 2007) on residential kitchen fires was held at the Building and Fire Research
Laboratory (BFRL), National Institute of Standards and Technology (NIST) in the USA in 2007. Over 30
participants from professional societies, research laboratories, fire departments, insurance companies and other
sectors attended to discuss the existing test methods, technologies, and research and development of residential fire
protection. Statistics of kitchen fires in the USA revealed that from 1999 to 2002, an average of 125,500 home fires
started in the kitchen, including confined cooking fires; and such fires caused 460 deaths per year on average.
Although 9% of the fires spread beyond the kitchen, 70% of fatalities were due to this small percentage of kitchen
fires. This sounds an alarm on the potential fire hazard of residential units with open kitchens. Based on firefighting
experience, fire officers suggested to install a single sprinkler in order to control kitchen fires effectively.
Residential range-top fire suppression systems were proposed and tested by the Underwriters Laboratories Standards
UL 300A (Underwriters Laboratories Inc., 2006). Studies on hazard mitigation of kitchen fires at BFRL, NIST were
then reported. Characteristics of kitchen fire hazard and active and passive fire systems were studied using limited
full-scale burning tests. Two points for further research were identified in this workshop:
•
•

Preventing kitchen fire spread; and
suppressing kitchen fire.

The conclusions support in-depth study on open kitchen fires as proposed before (Chow, 2011, 2012).
The general fire safety of kitchens in restaurants and hotels, and associated fire safety systems in Hong Kong were
studied (Chow 2011, 2012; Wu, 2006). The fire load densities for kitchens in residential buildings, hotels and
restaurants were surveyed. Regulations, codes, design guides, practices and safety requirements of fire and
ventilation in kitchens were reviewed thoroughly. Some of the research results were put into practice for PBD in
Hong Kong, Beijing and Taiwan since 1990. Using fire zone models, the fire safety in Chinese kitchens was studied.
The performances of sprinkler and water mist system in kitchens with Chinese ‘woks’ under small fires were
evaluated. Kitchen fire safety of a hotel group in Hong Kong was assessed (Wu, 2006). As most kitchen fires started
from ‘woks’ on the stoves, the heat release rates in burning such ‘woks’ in accidental fires were measured by the
oxygen consumption method.
It is possible that cooking oil ignites while the specified electric induction cookers are used (Wong and Fong, 2012).
However, only the flame temperature, flame shape and flame length were measured in the study. The heat release
rate of the cooking oil was not measured and the effect of fire suppression systems was not evaluated. Some of the
observed phenomena, such as the ignition of cooking oil within 10 minutes by an electric induction cooker, need to
be further justified. It should be noted that similar tests (Chow, 2012; Underwriters Laboratories Inc., 2006; Wong
and Fong, 2012; Wu, 2006) indicated that it took 75 to 180 minutes to ignite cooking oil by gas cookers.

4. AN EXAMPLE CASE
It is clear that protecting against open kitchen fires in small units of tall residential buildings is important. Urgent
action is needed to understand the fire physics of open kitchens. A 30 m2 residential unit with an open kitchen,
which is common in Hong Kong, was taken as an example for in-depth studies (Buildings Department, 2012); its
floor plan is shown in Fig. 1. The study relates to the Hong Kong environment, but the results are also applicable to
other big cities in the Far East.
Fire spread from the ignition source in the open kitchen for both cases of having and not having a fire resisting wall
was studied to provide a better understanding of the released heat, smoke and toxic gases, ignition of other
combustible items in the unit, and the onset of flashover. Large-scale kitchen fires that take place in flats storing
large quantities of combustibles were analyzed. The behaviour of combustibles under well-developed fires,
especially those made of new synthetic materials modified with additives, were evaluated (Chow, 2008). Flashover
might occur within a short time, and a number of such flashovers were reported in the past few years in Hong Kong
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(e.g. The Standard, 2010). Equations estimating the maximum heat release rates for well-developed fires in such
small spaces also appeared in the literature.
The fire scenario in a residential unit depends on the amount of fuel, materials stored, storage arrangements and
ventilation provisions. An earlier survey showed that the fire load in a small residential unit can be very high. It is
proposed that the typical fire scenarios should be worked out by first understanding the combustible content. Fire
load density and the arrangement of combustibles in 20 small residential units with open kitchens were surveyed.
Ignition possibilities, including frying food with electric induction cookers, were investigated. Bench-scale
experiments studying cooking oil fires were reviewed and repeated. The possibility of the onset of flashover in
residential units was analyzed based on empirical expressions reported in the literature. Upon the imposition of a
high thermal radiation heat flux on all combustibles, the burning of combustibles under post-flashover fires in a
small residential unit (Chow, 2008) was studied.
The following two possibilities were studied in detail:
•
•

An open kitchen design which provides sufficient air for combustion, and possesses no fire resisting walls to
block heat and mass transfer.
An enclosed design with glass walls without any fire resistance rating, which would easily lead to rapid heat
accumulation and flashover.

Literature (e.g. Mowrer and Williamson, 1990; Chow, 2012-2013) on modelling heat release rates for kitchen
arrangements was taken as the starting point. The total heat release rate in a kitchen was first estimated using the
principle of superposition (Chow, 2012-2013), which combines the heat release rates curves of the furnishings and
finishes deduced from a cone calorimeter. The results from full-scale burning tests were then used to model overall
heat release rates when those kitchen combustibles were burnt.
Hazard assessments based on the identified scenarios were carried out with empirical formula derived from the
analytical study of fire scenarios and fire models. Some cases were backed up by full-scale burning tests to justify
the model predictions. A scenario based on the same geometry of the open kitchen as shown in Fig. 1 was
considered, in which the electric induction cooker with cooking oil was taken as the fire source and a fire started
from the burning of cooking oil in a wok.

Living
room

Bedroom
6m

Residential flat with open kitchen,
about 5 m x 6 m ~ 30 m2

Bathroom

Open
kitchen

5m
Figure 1: An open kitchen design
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5. PRINCIPLE OF SUPERPOSITION
A more appropriate approach based on the reported heat release rate curves was proposed (Mowrer and Williamson,
1990; Chow, 2012-2013). The design fire can be deduced by combining the heat release rate curves measured while
burning local products. Take an open kitchen with furniture, wardrobes and storage units as an example. While
furniture Qfurn, wardrobes Qward and storage units Qstor were burnt, the heat release rate curves were measured by an
oxygen consumption calorimeter; the data was reported by NIST. Applying the principle of superposition (Mowrer
and Williamson, 1990), the total heat release rate in the open kitchen QOK can be calculated (Mowrer and
Williamson, 1990; Chow, 2012-2013) by the following formula:
QOK = Qfurn + Qward + Qstor

(1)

Using the data reported in the literature as an example, QOK (in kW) at time t (in minute) is shown in Fig. 2.
The estimation by equation (1) is only an approximation. The heat release from the first object would affect the
burning behaviour of the second object. The phenomenon is complicated, therefore, empirical relations from fullscale burning tests need to be derived (Mowrer and Williamson, 1990) and heat release rate curves Qfurn, Qward and
Qstor for local products should be measured after experiments.
Furthermore, the radiative heat flux is an important element for studying a post-flashover fire. Heat release rate
curves measured by a cone calorimeter would be different under different radiative heat fluxes. Therefore,
modelling heat release rate of the open kitchen by the principle of superposition with equation (1) is a very crude
estimation. During the measurement of heat release rate by the oxygen consumption method, full-scale burning
facilities (Chow, 2008) must be used to justify the model.

D

A
C

A
B
C
D

B

Qward
Qstor
Qfurn
QOK

Figure 2: Example of estimating heat release rate in an open kitchen

6. CONCLUSION
Heat release rate in burning all combustibles in an open kitchen was studied in this paper. As a database on heat
release rates for local combustible products is not yet available, estimations were only based on the principle of
superposition; low radiative heat fluxes were assumed in most of the PBD projects (Chow, 2010, 2011; British
Standards Institute, 2001; CIBSE, 2010), which are not supported by full-scale burning tests. Points to note in the
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estimation of probable heat release rates were discussed; these factors are recommended to be included in
determining fire safety provisions by PBD. This is important for open kitchens in small units of tall residential
buildings in the Far East, where fire load density can be extremely high (Chow and Chow, 2009; Ove Arup Hong
Kong, 2010).
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